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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Pursuant to 35 U.S.C. § 1 19(a), this application claims the benefit of earlier 
filing date and right of priority to Korean Application No. 20521/2003, filed on April 1 , 2003, the 
contents of which are hereby incorporated by reference herein in their entirety: 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a mobile communication terminal, and more 
particularly, to an apparatus and method for controlling power consumption of the backlight 
control unit of a mobile communication terminal. 
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Description of the Related Art 



[0003] In general, a mobile communication terminal is a device the size of which is 
limited to facilitate ease of carrying and use. Most users of mobile communication terminals 
favor compact terminals. 

[0004] Generally, mobile communication terminals are powered, for example, by 
batteries which are charged by a charging unit that is not carried with the terminal. That is, 
users carry the mobile communication terminal without the charging unit. Therefore the time of 
use of the terminal is limited by the charge of the battery. 

[0005] There are two ways to extend the time of use before the mobile 
communication terminal must be returned to the charging unit. A larger capacity battery may be 
mounted in the terminal. Alternately, power consumption of the battery may be reduced. 

[0006] Increased battery capacity generally requires a larger battery. A larger 
battery in the terminal would not meet users' demand for a more compact terminal. Therefore, 
manufacturers attempt to minimize power consumption of the battery. 

[0007] As the use of mobile communication terminals having a liquid crystal display 
(LCD) has increased, the use of a backlight at the rear side of the LCD panel in order to 
illuminate the LCD has increased. The backlight is generally battery-driven. 

[0008] Figure 1 illustrates a conventional backlight control unit 1 of a mobile 
communication terminal. As illustrated in Figure 1 , the backlight control unit 1 includes a 
voltage source such as a battery (not shown), a converter 10, a backlight illumination unit 20 
driven by power from the converter 10, and a backlight power switch 30. 

[0009] The converter 10, for example a charge pump or DC-DC converter, converts 
the voltage (VBATT) of the battery to a constant DC voltage (V_BACK). A backlight enable 
signal (LCD_BACK_EN) controls application of the constant DC voltage to the backlight 
illumination unit 20. 
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[00010] The backlight illumination unit 20 includes LEDs (LED1 , LED2 and LED3) 
connected in parallel to emit light for illuminating the LCD and resistors (R1, R2 and R3) 
connected in series to each LED for controlling current. The backlight power switch 30, for 
example a transistor (Q1), turns a current flowing to the backlight illumination unit 20 on and off 
according to the backlight enable signal (LCD_BACK_EN). 

[0001 1] The battery voltage (VBATT) generally varies between 4.2 VDC and 3.0 VDC 
as battery power is consumed. If such a voltage were used to power the backlight illumination 
unit 20, the brightness of the LEDs would also vary, thereby causing the illumination of the LCD 
to vary. In order to prevent such varying illumination, the converter 10 is used to provide a 
constant DC voltage (V-BACK) and, hence, consistent illumination of the LCD. 

[00012] When a CPU (not shown) generates the backlight enable signal 
(LCD_BACK_EN), the converter 10 and the backlight power switch 30 are turned on. The 
constant DC voltage (V_BACK) from the converter 10 is applied to the backlight illumination unit 
20 and current flows through the backlight power switch 30 through the LEDs (LED1, LED2 and 
LED3) and the resistors (R1, R2 and R3). The LEDs emit light and the LCD is illuminated. 

[00013] In order to provide a constant DC level, the converter 10 operates as a down- 
converter when the voltage (VBATT) of the battery is equal to or above a reference voltage, for 
example 4V, and operates as an up-converter when the voltage of the battery is below the 
reference voltage. In this manner, the converter 10 outputs a constant 4.0 VDC (V_BACK) 
regardless of the change in the voltage level of the battery (V_BATT). However, a typical 
converter 1 0 has efficiency below 90%. Therefore, 1 0% or more of battery voltage is 
unnecessarily wasted and available use time for the terminal 1 is decreased. 

[00014] Therefore, there is a need for an apparatus and method that can control the 
application of power to the backlight illumination unit for an LCD display of a mobile 
communication terminal in a manner that reduces power consumption of the backlight control 
unit. The present invention meets these and other needs. 
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SUMMARY OF THE INVENTION 



[00015] The present invention is directed to a to an apparatus and method for 
controlling application of power to a backlight illumination unit of a mobile communication device. 
Specifically, the invention is directed to an apparatus and method for reducing power 
consumption of the backlight control unit of a mobile communication device by limiting 
unnecessary power consumption of a converter when the voltage output of a power source is 
sufficient to drive the backlight illumination unit. 

[00016] An object of the present invention is to provide an apparatus and method for 
reducing power consumption of a mobile communication terminal by reducing unnecessary 
down-converting operations of a constant voltage converter in the backlight control unit. By 
detecting when the voltage level of a power source is equal to or higher than a predetermined 
value, power is removed from a constant voltage converter when down-conversion would be 
performed, thereby reducing power consumption of the backlight control unit and conserving 
battery power. 

[00017] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be learned from practice of the invention. 
The objectives and other advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and claims hereof as well as the 
appended drawings. 

[00018] To achieve these objects and other advantages and in accordance with the 
purpose of the invention, as embodied and broadly described herein, in a mobile communication 
device having a backlight control unit and enabling voice functions, the present invention 
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includes an apparatus and method for determining when the voltage level of a power source is 
equal to or higher than a predetermined value in order to facilitate removal of power from a 
constant voltage converter when down-conversion would be performed. 

[00019] In one aspect of the invention, means for converting the output voltage of a 
power source to a constant voltage level, means for turning the converting means off and on, 
and means for applying either the constant voltage level or the output of the power source to a 
backlight illumination unit are provided. When the power source voltage is at or above a 
predetermined value, power is removed from the converting means and the output of the power 
source is applied to the backlight illumination unit. When the power source voltage is below the 
predetermined value, power is applied to the converting means and the constant voltage level is 
applied to the backlight illumination unit. 

[00020] It is contemplated that the output of the power source may be scaled by a 
factor, preferably approximately 50%. It is further contemplated that the output of the power 
source may be converted, for example by an analog-digital converter, to digital data, with the 
digital data corresponding to the output of the power source compared to data corresponding to 
the predetermined value in order to determine if power is removed from the converting means. 

[00021] It is contemplated that the converting means may be a charge-pump or a DC- 
DC converter. It is further contemplated that means for removing power from the backlight 
illumination unit independent of the converting means may be provided, preferably a transistor. 
Moreover, it is contemplated that the applying means may be a field effect transistor (FET). 

[00022] In another aspect of the invention, an apparatus is provided having a 
backlight illumination unit, a converting unit, a switching unit, and a controller. The converting 
unit is adapted to convert the output voltage of a power source to a constant voltage level. The 
switching unit is adapted to bypass the converting unit and apply the output of the power source 
to the backlight illumination unit. The controller is adapted to determine the output voltage of 
the power source, turn the converting unit off and on and enable and disable the switching unit. 
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[00023] If the voltage level of the power source is equal to or greater than a 
predetermined value, the controller enables the switching unit and removes power from the 
converting unit so the power source voltage is applied to the backlight illumination unit. If the 
voltage level of the power source is smaller than the predetermined value, the controller applies 
power to the converting unit and disables the switching unit so that the power source voltage is 
up-converted to a constant voltage level, preferably the predetermined value, and applied to the 
backlight illumination unit. 

[00024] It is contemplated that the output of the power source may be scaled by a 
factor, preferably approximately 50%. It is further contemplated that the output of the power 
source may be converted to digital data by the controller, which preferably includes an analog- 
digital converter, with the digital data corresponding to the output of the power source compared 
by the controller to data corresponding to the predetermined value in order to determine 
whether the switching unit or the converting unit is to be powered on. 

[00025] It is contemplated that the converting unit may be a charge-pump or a DC-DC 
converter. It is further contemplated that the controller may be a CPU adapted to power the 
backlight illumination unit off independent from the converting unit, preferably via a transistor. 
Moreover, it is contemplated that the switching unit may be a field effect transistor (FET). 

[00026] In another aspect of the invention, a mobile communication device is 
provided having a backlight illumination unit powered by a voltage source, a converter, a switch, 
and a controller. If the output of the voltage source is equal to or greater than a predetermined 
value, the controller enables the switch and removes power from the converter so that the 
voltage source is applied directly to the backlight illumination unit. If the output of the voltage 
source is smaller than the predetermined value, the controller applies power to the converter 
and disables the switch so that the power source voltage is up-converted to a constant voltage 
level and applied to the backlight illumination unit. 
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[00027] It is contemplated that the predetermined value is a voltage level at which the 
backlight illumination unit is fully illuminated, for example a level of approximately 4 Volts DC. It 
is further contemplated that the converter may be a charge-pump or a DC-DC converter. 
Moreover, it is contemplated that the backlight illumination unit may include two or more LEDs. 

[00028] In another aspect of the invention a method for reducing power consumption 
of a backlight control unit of a mobile communication device is provided, the method utilizing an 
apparatus of the present invention. The method includes measuring the output of a voltage 
source and either applying power to a converting means to apply a constant voltage level to a 
backlight illumination unit or removing power from the converting means and applying the output 
of the voltage source to the backlight illumination unit. The constant voltage level is applied to 
the backlight illumination unit if the output of the voltage source is below a predetermined value. 
The output of the voltage source is applied to the backlight illumination unit if it is at or above the 
predetermined value. The constant voltage level is preferably equal to or greater than the 
predetermined value. 

[00029] It is contemplated that the method may include scaling the output of the 
voltage source, preferably by approximately 50%. It is further contemplated that the method 
may include converting the output of the voltage source to digital data and comparing the digital 
data to data corresponding to the predetermined value. Moreover, it is contemplated that the 
method may include turning the backlight illumination unit off independent of the converting 
means. 

[00030] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be learned from practice of the invention. 
The objects and advantages of the invention may be realized and attained as particularly 
pointed out in the appended claims. 
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[00031] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00032] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with the description serve to explain the 
principles of the invention. Features, elements, and aspects of the invention that are referenced 
by the same numerals in different figures represent the same, equivalent, or similar features, 
elements, or aspects in accordance with one or more embodiments. 

[00033] Figure 1 illustrates a conventional apparatus for controlling the application of 
power to a backlight illumination unit of a mobile communication terminal. 

[00034] Figure 2 illustrates an apparatus for controlling the application of power to a 
backlight illumination unit of a mobile communication device in accordance with the present 
invention. 

[00035] Figure 3 illustrates a method for controlling the application of power to a 
backlight illumination unit of a mobile communication device in accordance with the present 
invention. 

[00036] Figure 4 illustrates the state of control signals generated by the controller in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00037] The present invention relates to an apparatus and method for reducing power 
consumption in a backlight control unit of a mobile communication device by controlling 
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application of power to a backlight illumination unit such that a converter is turned off and the 
output of a voltage source is applied directly to the backlight illumination unit when the output of 
the voltage source is at or above a predetermined value. 

[00038] Although the present invention is illustrated with respect to a mobile 
communication device, it is contemplated that the present invention may be utilized anytime it is 
desired to reduce power consumption in a device having a backlight illumination unit or in any 
device utilizing a voltage source to power a display. 

[00039] Referring to Figure 2, an apparatus for controlling the application of power to 
a backlight illumination unit of a mobile communication device is illustrated. The apparatus 100 
includes a converting unit 110, a backlight illumination unit 120, a switching unit 122, and a 
controller 124. 

[00040] The converter 1 1 0 converts the voltage (V_SOURCE) of a power source (not 
shown) into a constant voltage (V_CONST). A converter enable signal (CONVERT_EN) 
controls the application of the constant voltage to the backlight illumination unit 1 20. Preferably, 
the converter 1 10 is a charge-pump or a DC-DC converter. 

[00041] In order to provide a constant voltage level, the converter 1 1 0 operates as a 
down-converter when the voltage (V_SOURCE) of the power source is equal to or above a 
predetermined value and operates as ah up-converter when the voltage of the power source is 
below the predetermined value. In this manner, the converter 110 outputs a constant voltage 
(V_CONST) regardless of the change in the voltage level (V_SOURCE) of the power source. 
Preferably, the predetermined value is a voltage level at which the backlight illumination unit 120 
fully illuminates a display (not shown), for example approximately 4 Volts DC. 

[00042] The backlight illumination unit 120 includes LEDs (LED1 , LED2 and LED3) 
connected in parallel for emitting light to illuminate the display. Resistors (R1, R2 and R3) are 
connected in series to each LED for control the current. A backlight power switch 130 turns on 
and off current flowing to the backlight illumination unit 120. Preferably, the backlight power 



9 



Client ID/Matter No. LGIC 2060-3-98 



switch 130 is a transistor (Q1). It is contemplated that the backlight illumination unit 120 may 
include any number of LEDs and resistors. 

[00043] The switching unit 1 22 facilitates bypassing the converting unit 1 1 0 to apply 
the output voltage of the power source (V_SOURCE) to the backlight illumination unit 120. A 
bypass enable signal (BYPASS_EN) controls the application of the power source voltage 
(V_SOURCE)to the backlight illumination unit 120. Preferably, the switching unit 122 is a field 
effect transistor (FET). 

[00044] The controller 1 24 measures the output voltage of the power source 
(V_SOURCE) and compares the measured voltage to a predetermined value. If the power 
source output (V_SOURCE) is at or above the predetermined value, the controller 1 24 
generates the bypass enable signal (BYPASS_EN) to activate the switching unit 122. If the 
power source output is below the predetermined value, the controller 124 generates the 
converter enable signal (CONVERT_EN) to activate the converter unit 110. 

[00045] The bypass enable (BYPASS_EN) and converter enable (CONVERT_EN) 
signals are logically ORed 1 35 to control the backlight power switch 130. In this way, when 
either the power source voltage (V_SOURCE) or the up-converted constant voltage level 
(V_CONST) from the converter unit 1 10 is applied to the backlight illumination unit 120, the 
LEDs (LED1 , LED2, LED3) are illuminated. The controller 124 may also generate a backlight 
enable signal separate from the bypass enable signal (BYPASS_EN) and the converter enable 
signal (CONVERT_EN) with the backlight enable signal controlling the backlight power switch 
130 independent of the on/off state of the converter unit 110 and switching unit 122. 

[00046] A scaling function 137 such as first and second voltage-dividing resistors R10 
and R20 may be provided to divide the power source voltage (V_SOURCE), preferably in half. 
If the power source voltage is scaled, the predetermined value to which the divided voltage is 
compared is also scaled. For example, if it is desired to bypass the converter unit 1 1 0 if the 
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power source voltage (V_SOURCE) is equal to or greater than approximately 4 Volts DC, the 
halved voltage would be compared to a predetermined value of approximately 2 Volts DC. 

[00047] The controller 1 24 preferably includes an analog-to-digital converter (ADC) 
1 10 for converting the power source voltage (V_SOURCE) into digital data with the digital data 
compared to data corresponding the predetermined value. The controller 124 preferably also 
includes a general-purpose input/output (GPIO) unit 139 for outputting the bypass enable signal 
(BYPASS_EN) and the converter enable signal (CONVERT_EN). 

[00048] Referring to Figure 3, a method for controlling the application of power to a 
backlight illumination unit of a mobile communication device in accordance with an apparatus of 
the present invention is illustrated. The method includes measuring the voltage output of a 
power source (V_SOURCE), comparing the voltage to a predetermined value and applying 
either the output of the power source or a constant voltage level (V_CONST) to a backlight 
illumination unit 120. 

[00049] In step S10 the controller 124 measures the voltage level of a power source 
(V_SOURCE). The measurement may include dividing the power source output (V_SOURCE) 
by a scaling function 137 and converting the measured voltage to digital data utilizing an ADC 
126. 

[00050] In step S12, the measured voltage level is compared to the predetermined 
value. The comparison may include comparing digital data from the ADC 126 to data 
corresponding to the predetermined value. 

[00051] If the measured voltage level is equal to or greater than the predetermined 
value, the controller 124 disables the converter enable signal (CONVERT_EN) in step S13 and 
generates the bypass enable signal (BYPASS_EN) in step S14 to remove power from the 
converter unit 1 1 0 and enable the switching unit 1 22. In this manner, when the output of the 
power source (V_SOURCE) is equal to or greater than the predetermined value, the converting 
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unit 1 1 0 draws no power and the output of the power source is applied directly to the backlight 
illumination unit 120, thereby reducing power consumption of the power source. 

[00052] If the measured voltage level is smaller than the predetermined value, the 
controller 124 disables the bypass enable signal (BYPASS_EN) in step S16 and generates the 
converter enable signal (CONVERT JEN) in step S18 to disable the switching unit 122 and turn 
on the converter unit 110. In this manner, when the output of the power source (V_SOURCE) 
is smaller than the predetermined value, the converting unit 110 up-converts the output 
(V_SOURCE) of the power source and a constant voltage level (V_CONST) is applied to the 
backlight illumination unit 120, thereby preventing the dimming of the LEDs as the power source 
is drained. 

[00053] Referring to FIG. 4, the high (H) and low (L) states of the control signals 
generated by the controller 124 according to the level of the power source voltage 
(V_SOURCE) are illustrated. The backlight illumination unit 120 is powered unless both the 
bypass enable (BYPASS_EN) and converter enable (CONVERT_EN) signals are low. The 
converter unit 1 1 0 is powered if the converter enable (CONVERT_EN) signal is high and the 
switching unit 122 is enabled if the bypass enable (BYPASS_EN) signal is high. 

[00054] The apparatus and method of the present invention has several advantages. 
Because the output of the power source is applied directly to the backlight illumination unit when 
the voltage level is high enough to properly illuminate the LEDs, unnecessary power 
consumption by the converter is avoided and power consumption of the backlight control unit 
can be reduced, thereby increasing use time before power source recharging is required. 
Because the output of the power source is up-converted to a constant voltage level by a 
converter when the voltage level is not high enough to properly illuminate the LEDs, no dimming 
of the backlight illumination unit occurs as the power source discharges. 

[00055] The foregoing embodiments and advantages are merely exemplary and are 
not to be construed as limiting the present invention. The present teaching can be readily 
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applied to other types of apparatuses. The description of the present invention is intended to be 
illustrative, and not to limit the scope of the claims. Many alternatives, modifications, and 
variations will be apparent to those skilled in the art. In the claims, means-plus-function clauses 
are intended to cover the structure described herein as performing the recited function and not 
only structural equivalents but also equivalent structures. 
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